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SCALE   AND   TURBULENCE   EFFECTS    ON   THE   LIFT 

AND  DRAG   CHARACTERISTICS    OP   THE 
NACA   65^-li-l8,    a   =    1.0  AIRFOIL   SECTION 
By  John  H.    Qulnn,    Jr.    and  Warren  A.    Tucker 

SmiMARY 


An  Investigation  in  two  NACA  v/lnd  tunnels  has  deter- 
mined the  effect  of  Reynolds  number  and  stream  turbulence 
on  the  lift  and  drag  characteristics  of  a  low-drag  air- 
foil, the  NACA  655-1+18,  ■  a  =  1,0   section,  particularly 

at  lo'w  Reynolds  numbers,  to  give  an  indication  of  the 
performance  of  low-drag  v/ings  in  low-scale  tests.   The 
results  are  correlated  vvith  similar  data  for  the  same 
airfoil  section  In  the  NACA  two-dimensional  low-turbulence 
pressure  tunnel  to  provide  data  over  a  range  of  Reynolds 
number   from  0.19  to  9.O  x  10°. 

Large  increases  in  minimum  drag  coefficient  were 
found  as  the  Reynolds  number  decreased.   This  effect  was 

particularly  m.arked  at  Reynolds  n-ombers  below  1.5  ><:  10". 

At   ReA/nolds   members   below   I.5    x   10   ,    stream   turbulence  had 

little  effect  on  the  drag  characteristics  of  the 

NACA  652;-I|.l8  airfoil  section  when  compared  on  the  basis 

of  test  Reynolds  number  but,  at  higher  Reynolds  numbers, 
stream  turbulence  had  a  detrimental  effect  on  drag. 

Large  decreases  in  maximum  lift  coefficient  were 
found  with  decreasing  Reynolds  number |  most  of  this 
decrease  was  encountered  at  Rejmolds  numbers  above 

2.0  X  10^.   Marked  differences  in  maxim-'urn  lift  were 
apparent  between  the  results  obtained  at  high  and  low 
turbulence.   Vfeen  compared  on  the  basis  of  effective 
Reynolds  number,  however,  fair  agreement  was  reached 
between  the  data  obtained  under  both  turbulence  condi- 
tions. 
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Considerable    veriatlon  of    lift-curve    slope   vjith 
Re^Tiolds   n^amber  was    foui-id.      Results   at    low   and  hi^h 
turbulence    differed    as  rruch  as    6  percent  but   yielded 
the    sane    value    of   lift-curve    slope    at    a   Reynolds   nuniber 

of  approxiinat^ly  Il.O  x  lO'^.  At  Reynolds  m-unbers  higher 
than  ii.O  X  10°,  no  scale  effect  on  the  lift-curve  slope 
was   observed  over  the    range    tested. 

In   view  of  the    large    vai'iations    in   the    lift    and 
drag   characteristics   found   for   the   KACA  652-ILI8   airfoil 

section   ove:p   a   range    of   Reynolds   number  from  0.19 

to   9.0   X   10*"^,    it   is    thought    that    the   use   of   low   Ri^^nolds 
nuTiiber   test   data   relating   to   lov;-drag   airfoils    is 
unrell-able   either   to   estimate    full-scale    chai'acter:  sties 
or  to   determine    the    relative   nierits   of   airfoil   sections 
at   higher   Reynolds   numbers  o 


INTRODUCTION 


Investigations   of   scale    effect   on   the    lift    and  drag 
characteristics   of   low-drag    airfoil    sections  have   regu- 
larly been  made    at    Reynolds   numbers    above    3.0   x   10^ 
and   at   Icvv'   stresjm   turbulence    in    the    NACA  two-dimensional 
low- turbulence   pressure   tunnel    (designated  TDT).      It   is 
well  known   that   otlier  investigations    of   low-drag-airfoll 
characteristics    are    carrr'ed   out   in  tunnels   with  higher 
turbulence    levels    at   lower    '^e^nolds   numbers    than    the 
investigations   in   the   TDT.      Proper   interpretation  of 
these   data  obtained   at   low   Reynolds  numbers    and    at 
various   degrees    of    stream   turbulence   is   difficult  because 
of  the  Tinknown   stream   turbulence   effect    and   scale    effect 
at    low  Reynolds  n^ambers    on   the   characteristics    of   low-drag 
airfoils.      Extrapolation   of  these   data   to  higher    Re^molds 
numbers    and   lovv' ■  turbulence    (flight    conditions)    is 
unreliable    for   this    reason. 


The   purpose   of   the   present   investigation  was   to 
determine    the    effect   of   Reynolds   number   and   stream 
turbulence    on   the   lift    and  drag   characteristics    of   a 
low-drag   airfoil    section   through  a   ritnge   of   Re;)Tiolds 

num.ber  below  J.C   x   10°.      Models   of   the   NACA  65-,-[|.l8,  a  =  1.0 

airfoil   section  having    cliords    of   6    snd  2.1,   inches   were 
tested  in   the   NACA  tv.o-dimensional   low-turbulence    tunnel 
(designated   LTT),    which  has    a   stream   turbulence   of   only  a 
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few  b.iinclredths  of  1  percent.   This  turbulence  is  consider- 
ably belomr  the  level  at  which  any  change  vjould  be  notice - 
n,bJ.e  in  the  critical  Reynolds  number  of  a  sphere.   The 
tests  covered  a  range  of  Reynolds  number  from  2,77 
to  O.k^    X   10*^.   Models  of  the  same  section  having  chords 
of  12  and  1l8  inches  were  tested  in  the  LMAL  7-  by  10-foot 
tunnel  (designated  7  by  10  tunnel),  which  has  a  turbulence 
factor  of  1.6  as  determined  from  sphere  tests.  _,  The  test 

r7.eynolds  numbers  ranged  from  2.99  to  O.I9  x  10°. 


MODELS  klJD   ?ETH0DS 

Ordinates  for  the  l^CA  S^'j^-h^lB,    a  =:  1.0  airfoil 
section  are  presented  in  table  I,   The  inodels  having 
chords  of  12,  2l.[.5  and  1|6  inches  were  of  wooden  construc- 
tion and  were  prepared  for  testing  by  the  methods  described 
in  reference  1.   The  6-inch-chord  model  was  built  of  solid 
aluminuin  alloy  and  was  polished  by  hand  to  give  an  aero- 
d^mavaically  smooth  surface  . 

The  2k- inch- chord  model  was  tested  at  tunnel  pres- 
sures of  2,  3,  and  h.   atm.ospheres  in  the  ,TDT  at  Re^naolds 
numbers  of  2,77,  5.I,  6.1,  and  9.0  x  10",   The  same 
model  was  tested  at  atmospheric  pressui^e  in  the  LTT  at 

Reynolds  num.bers  from  0.68  to  2.77  x  10°.   The  6-inch- 
chord  model  was  similarly  tested  in  the  LTT  for  a  range 

of  Reynolds  number  from  O.23  to  0.66  x  10*^  and  in 

the  TDT  for  a  range  from  0,58  to  1|.0  x  10^. 

In  the  TDT  and  LTT,  drag  was  m.easured  by  the  wake- 
survey  method  and  lift  was  obtai?ied  by  integrating  the 
pressujf-es  along  the  floor  and  ceiling  of  the  tunnel  test 
section.   Because  the  TDT  and  LTT  have  test  sections  of 
the  same  size,  the  tunnel-wall  corrections  to  lift  and 
drag  for  each  model  were  the  same  in  both  tunnels.   The 
tunnel-vv-all  corrections  for  the  6-inch-chord  model  vjere 
obtained,  from  the  same  basic  considerations  that  -were 
used  to  determine  the  corrections  for  the  2l;-inch~chord 
model e 

Tn  the  7  by  10  tunnel,  the  models  spanned  the  test 
section  except  for  a  small  clearance  at  each  end.  They 
were  rigidly  attached  to  the  balance  frame  by  torque  tubes 
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extending   thro-ugh   the    t-^onnel  "walls.      This   installation 
is    thought   to   approximate    closely  tv/o-dinensional   flcv/ 
and   therefore    to  make    it   possible    to   obtain   section 
characteristics . 

In   the    7  "by  10   tijnnel,    lift   characteristics   v.-ere 
obtained  from  force   measurements    on  the    tunnel   balance 
system..      Drag   characteristics   were    obtained  by  the   wake- 
survey  method.      Lift   coefficients   have   been  corrected 
for  effects    of  trnnel-wall    interference   by  using   the 
experimental   correction  explained   in   reference    2.      The 
drag   coefficients   were    corrected   for    tunnel-wall   inter- 
ference  by  using    the    same    considerations   from  which  the 
corrections   were    obtained   for    the    TDT  and  LTT  data. 


RESULTS  ^KD  DISCUSSION 


A  comparison  of  lift  data  obtained  in  the  LTT  and 

TDT  at  a  Reynolds  number  R  of  2,77  ^  10  is  presented 
In  figure  1.  The  LTT  data  were  obtained  at  atmospheric 
pressure  and  a  Mach  number  of  O.III4.,  whereas  the  TDT  data 

2 

were    obtained  at   a  tunnel   pressure    of   It  atmospheres   and 

a   Ii'ach  nttmber   of   O.15O.      The    curves   are   in  good   agreem^ent 
both  in  respect   to   slope    and  maximiim   lift   coefficient;    it 
is   therefore    improbable    that   any  Ivlach  number  effect   on 
maximixm  lift   coefficient,    which  might  have   been  expected 
from   the   resi\lts   nresented   in  reference    5,    exists    in  the 
LTT  data   at    this   Reynolds   number. 

Lift   data   from  the   LTT   and   TDT  are   presented   in 
figures   2   to  I;  and  from   the   7  ty  10   tunnel,    in   figure   5* 
It  may  be   noted    in   figure   [).   that   tests   of   the    6-inch-chord 
and  2l|.-inch-chord  models   in   the   LTT  at   Rejmolds   numbers 

of  0,66   and   0.68   x   10^,    respectively,    are    in   good  agree- 
ment. 

At   values    of   the    lift   coefficient   above    O.9,    a   jog 
in  the   lift   curve    (figs.    2   to  I4.)    is   encountered.      This 
iog   is   due    to   a   region   of  laminar   separation   on   the   upper 
surface    just   downstream  of    the    leading  edge.      The    jog 
becom.es  more  marked  as    the    Reynolds   n-junber  decreases   and, 
at   the    lowest   Reynolds   number,    the    jog  in  effect   determines 
maxim--um  lift.    It  m.ay  be  seen  in  figure  5    ^^^^at  no  jog  in   the 
lift   curve    is    found   in   the    results   from,   the    7  by  10   t-annel. 
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The  absence  of  the  jog  in  these  curves  indicates  that, 
at  the  point  on  the  airfcil  where  laminar  separation 
occurs  in  the  LTT,  the  flow  is  already  turbulent  in  the 
7  hj   10  tunnel  because  of  the  high  turbulence  level. 
A  detailed  investigation  of  this  separation  effect  is 
reported  in  reference  li.. 

Drag  data  are  presented  in  figures  6  and  7-   It  may 
be  noted  in  figure  6  that  the  extent  of  the  low-drag  range 
increases  progressively  as  the  Reynolds  number  is  decreased 
The  high  values  of  the  drag  coefficients  at  lovi   Re^molds 
numbers  appear  to  be  connected  with  a  region  of  laminar 
separation  just  downstream  of  the  point  of  m.lnim.um  pres- 
sure.  Little  is  known  of  the  laws  governing  the  extent 
and  quantitative  effect  of  this  local  region  of  separated 
flow  except  that  both  the  extent  of  the  region  and  the 
drag  increase  as  the  Reynolds  number  is  decreased. 

It  m.ay  be  noted  in  figure  7  that,  for  the  higher 
test  Reynolds  numbers,  minimum  drag  occurs  in  the  7  t'y 
10  tunnel  at  a  lift  coefficient  of  about  0.55  instead 
of  at  the  design  lift  coefficient  of  O.Ii..   Because  of  the 
difficulty  of  measuring  drag  by  the  wake-survey  m.ethod 
in  the  'J   by  10  tunnel,  drag  data  were  obtained  for  only 
a  limited  range  of  lift  coefficient. 

Curves  that  show  the  scale  effect  on  maximum,  lift 
coefficient  are  presented  in  figure  8.   The  test  results 
from  the  7  t)y  10  tunnel  are  plotted  against  both  test  and 
effective  Reynolds  nvmber.   (Effective  Reynolds  number  = 
Test  ■^e^molds  num.ber  >;  Turbulence  factor.  )   The  LTT 
and  TDT  results  are  plotted  against  the  test  Reynolds 
num.ber  which,  of  course,  would  be  equal  to  the  effective 
Reynolds  numiber  since  the  stream,  turbulence  is  only  a 
few  hundredths  of  1  percent.   Large  decreases  in  maxim.um 
lift  coefficient  are  apparent  v/ith  decreasing  Reynolds 
number,  particularly  above  an  effective  Reynolds  number 

of  2.0  x  10°.   Figure  8  indicates  that,  below  a  Reynolds 
number  of  10°,  the  data  from,  the  7  ^J  10  tunnel  are  in 
fair  agreement  v/ith  the  data  from,  the  TDT  and  LTT  iwhen 
plotted  against  test  Reynolds  number.   Above  a  Reynolds 
number  of  10°,  the  data  from,  the  7  by  10  tunnel  are  in 
good  agreement  v/ith  the  data  from  the  TDT  and  LTT' when 
plotted  against  effective  Reynolds  niimber.   It  is  seen 
that  the  rate  of  increase  in  maximuin  lift  coefficient  is / 
greatest  at  a  Reynolds  number  of  approximately  J.O  x  10° 
■^or  other  low-drag  airfoils,  neither  the  value  of  the 
Re:jmolds  num.ber  at  which  this  rapid  increase  takes  place 
nor  its  quantitative  effect  is  known.   It  is  therefore 
thought  that  extrapolation  of  low-scale  data  or  data  which 
do  not  determine  this  characteristic  should  be  avoided. 
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Yarioti.s    curves    of  drag   coefficient   against   Reynolds 
number   are   presented  in  figure    9»      -^^Q    results    obtained 
for   the    NACA   6^yk^8    section   in' the    LTT   and   TDT    show    that 

for   this   airfoil    the   drag  does   not    follow   the    law    for   the 
variation  of  eith-sr   laninar  or   tirrbulont   skin   friction 
ever   a   flat   plate,      lilir.linuiTi  drag   coefficient   increases 
progressively  as   Reyr^olds   niomber  d'aor^iases^    this   effect 
is   particularly  marked   at   Reynolds  nujnbers   below 

1.5  X  10^. 

At  Reynolds  nuiribers  below  1,5  x  10°,  LTT  and  TDT 
results  are  in  fai^''  agreement  wltn  results  from  the 
7  by  10  tunnel  when  co':!]:)ared  on  the  basis  of  test 


Reynolds  nurr:.ber.   At  a  Rejmolds  nr^nber  of  about  1,S  x  10 
at  which  local  separation  effects  are  decreasing  and 
reasonably  low  drag  is  foiind  on  the  IJACA  o^-z-h^lQ    section 

in  the  LTT  and  TLT,  the  results  from  the  7  by  10  tunnel 
as  plotted  against  teat  Revi'jolds  number  are  starting  to 
diverge  frc:n  the  LTT  and  OXT  results  ^   As  the  Re7ynolds 
number  incrorLSCs,  the  high  tacb^il-Vioe  level  of  the 
7  by  10  tunnoj.  roves  t/is  tr-arts  Itlon  point  tcwa.rd  the 
leading  edge  and  increases  the  drag  over  the  values 
obtained  in  streams  of  lov/  turbulence. 


A  curve  of  drag  coefficient  at  the  design  lift  coef- 
ficient for  the  NACA  0012  airfoil  section  is  presented  in 
figure  9  fcr  coimiiarison.   This  curve  represents  the 
average  of  several  rest  results  in  the  LTT.   It  may  be 

r 

noted   that,  at   Re^-nolds   niimbers   below   1,S    x   10°,    the    lo"-v- 
drag   section  no   longer   shows   a   lower   drag   than  the    con- 
ventional   section. 

Scale    effect   on  11  ft- curve    slope    and   on   the    angle 
of   zero   lift   is    shown  in  figure   10,      Data   obtained   in    the 

LTT  at   Rej-nclds   mjtrabers   of   O.96   and   I.57   x   10*^   are   not 
presented   since    sufficient   data  were   not   taken   to   define 
the    slope    accurately.      Although   the    scale   effect   on   the 
angle    of   zero   lift   is    sraall,    considerable    variation  of 
lift-curve    slope   with   Re^molds   number   is   found.      In   the 

RejTnolds   number   range    from   0.20   to    J.O   x    10^,    there    is 
at   first   a  divergence    and   then   a   convergence    of   the   data 
obtained  under   the    two    turbulence    conditions;    the  maximum 
difference    between    the    two    curves    is    approximately   6    per- 
cent   at   Re:^/nolds   numbers  of   approximately   10'"'.      At   Reynolds 

COlNlPIDENTIAL 


NACA  ACR  No.  lUhII     CONFIDENTIAL  7 

nuTr.bsrs  above  l\..0   x  10",  the  slopes  appear  to  be  the  sane 
under  the  different  turbulence  conditions,  and  there 
seems  to  be  no  further  scale  effect  for  the  range  tested. 

Pt   a  Rejmolds  number  of  approximately  10°,  it  may  be 
■observed  that  the  variation  of  lift-curve  slope  with 
Reynolds  niunber  becomes  small  under  the  high-turbulence 
condition.   It  seems  reasonable  to  expect^  however,  that 
the  Reynolds  number  above  which  the  changes  in  lift- 
curve  slope  become  unimportant  depends  considerably  on 
the  particular  airfoil  section  and  turbulence  character- 
istics of  the  air  stream.   The  data  presented  in  fig- 
ure 10  further  emphasize  the  unreliability  of  using  data 
at  low  Reynolds  numbers  to  predict  full-scale  character- 
istics. 


C ONC Liro  ING  REMARKS 


Large  increases  in  rainim.um  drag  coefficient  were 
found  as  the  Rej^olds  number  decreased;  this  effect  was 

particularly  marked  at  Revnolds  nirmbers  below  1.5  x  10", 

At  Reynolds  numbers  below  1,5  x   10°,  stream  turbulence 
had  little  effect  on  the  drag  characteristics  of  the 
NACA  655-I4-I8,  a  =  1.0  airfoil  section  when  compared  on 
the  basis  of  test  Reynolds  number  but,  at  higher  Reynolds 
numbers,  stream  turbulence  had  a  detrimental  effect  on 
drag. 

Large  decreases  in  maximum  lift  coefficient  were 
found  with  decreasing  Reynolds  niiraberi  most  of  this 
decrease  v/as  encountered  at  Reynolds  numbers  above 

2.0  X  10".   Marked  differences  in  maximum  lift  were 
apparent  between  the  results  obtained  at  high  and  low 
turbulence,   'toen  compared  on  the  basis  of  effective 
Reynolds  number,  however,  fair  agreement  was  reached 
between  the  data  obtained  u.nder  both  turbulence  condi- 
tions. 

Considerable  variation  of  lift~curve  slope  with 
Reynolds  number  was  foimd.   Results  at  low  and  high 
turbulence  differed  hj   as  much  as  6  percent  but  yielded 
the  same  value  of  lift-curve  slope  at  a  Reynolds  number 

of  approximate!:/  ii.O  x  10".   At  Reynolds  numbers  higher 

than  I1..O  X  10*^,  no  scale  effect  on  the  lift-curve  slope 
was  observed  over  the  range  tested, 
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m   vlsi'j  of   the   large-    variation   in   the    lift    and  drag 
characteristics    found   for  the   I^ACA  65z-i.;-l8   airfoil 

section  ever   a   range    of   Peynolds   nur.:ber   from  0.19    to 

9.0    X    10    ,    it   is    felt    that    the   use   of   low   Reynolds   nunfoe: 
test   data   relating   to   iovv-drag   al-^foils    is   unreliable     ■ 
either  to   estimate   full-scale   characteristics    or  to 
determine   the    relative   merits    of   airfoil    sections    at 
hi  ghe  r   Re jno  Id  s   nu-iahe  r  s . 


Langley  Memorial   Aeronav.ti  cal   Laboratory 

National   Advisory  Con:mittee    for   Aeronautics 
Langley   Field,    Va. 
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Figure  1  .-  Lift   characteristics   of  2i^-inch-chorcL  model  of   NACA   652-14.18, 

a  =  1,0  airfoil  section  In  NACA   two-dimensional   low-turbulence   tunnel 
(designated  LTT)   and  NACA   two-dimensional  low-tiur-bulence   pressure 

tunnel    (designated  TDT).      R  =  2.77   x   10^. 
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(a)  Modal  having  6-lnoh  chorfl  in  LTT. 
Figure  Z   .-  Lift  characteristics  of  the  NACA  655-I4.I8  airfoil  section. 
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(b)    Model  having  2U-lnch   chord   In   LTT. 
Figure    Z  .-      Continued. 
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(c)  Model  having  2i4.-lnoh  chord  In  TOT. 
?lgxire  Z   .-  Concluded. 


CONFIDENTIAL 


NACA    ACR    NO.     L4H11 


CONFIDENTIAL 


FIG.    3a 


1.6 


l.Ji 


1.2 


o     1.0  - 


.2 


-.2 


-.k 


o      0 

+ 

X 

Q 

R 

.58  X  10^ 

.60 

.69 

.86 

.99 

O 

^ 

/\4 

^ 

1 

\ 

Cy^^ 

^'-''^S-^'^'' 

f 

1 

\ 

1 

<> 

f 

1 

i 

/// 

/ 

c 

f 

- 

' 

NATIONAL 
COMMITTEE  FOB 

1 

ADVISORY 
AERONAUTICS. 

0  1+ 

Angle  of  attack. 


8 


12 


16 


20 


Figure  3  .-  Lift  eharacteristlcs  of  the  NACA  k^-.-hXi>   airfoil 
section;  6-lnch-chord  model  In  TOT. 


CONFIDENTIAL 


NACA    ACR    NO.    L4H11 


CONFIDENTIAL 


FIG.     3b 


1.8 


1.6 


1.1* 


1.2 


1.0 


.8 


.1; 


.2 


-.1* 


■■ 

R 

1.50   X  1( 
2.00 

3.03 
t.Ol 

/ 

'+ 

X 

D 

^0-13 

As 

A 

J 

#1 

<^ 

C 

/A 

b 

> 

/ 

' 

NATIONAL 
COMMITTEE  FOD 

ADVISORY 
AERONAUTICS. 

-8 


0  l^  a 

Angle  of  attack,      a^,      deg 


12 


16 


20 


Kgure  3  .-     Concluded. 
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Figure  4-  *- 


Lift  characteristics  of  the  NACA  65z-lj.l8  airfoil  section  through  the  entire 
range  of  Reynolds  numhers. 
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Figure  S .-   Lift  characteristics  of  the  NACA  65J-I4.I8  airfoil  section 
In  the  LMAL  7-  by  10-foot  tunnel  (designated  7  by  10  tunnel). 
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Figure  ^.-     Drag  characteristics   of    the  NACA   65z-l;l8   airfoil   section  in 

the  LTT  and   TDT. 
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m.gure  7   .-     Drag  characteristics   of  the  NACA  65,-i).l8  airfoil  section 
In   the  7  by  10   tunnel.  '' 


NACA  ACR  NO.  L4H11 


FIG.     8 


-\ 



-1 

t 

1 



-5< 

\ 

1 

^ 

X 

\ 

P 

\ 

>< 

\ 

> 

\ 

\           \\ 

+> 

\                     \ 

I 

O 
4J    «>  -P 

V    \ 

\^ 

m  tn  a 

\        \ 

\ 

«§^ 

1^ 

\ 

\ 

\  ^ 

\ 

A        T 

Eh 

\ 

\    \ 

e 

,  \    \ 

\l  \ 

iH 

X 

W  \ 

a    CrHrH 

c 

W 

C  OS 

o  -t 

">t^ 

Vo 

)P 

\? 

-t- 

1 

\ 

-   X 

i 

\ 

\ 

J 

tri 

< 

,   \ 

y 

1 — t 

\    ' 

a:  ^ 

tH 

\ 

t«  o 

•z. 

\ 

>  £ 

Ed 

\ 

-.S 

O 

e 

\ 

<  "- 

1 1 

\ 

O  J^ 

Cc 

\ 

^i 

o 

y 

o 

u 

^o 


X 

o 


q 

CO 


o 


o 


o 


OD 


vi) 


CM 


CO 


-    rvj 


vO 


H 
G 


O 
O 


J  CO 


>3 


vsm 


to    ':^U9-poiJj9O0   q.JTT  aoi:;oas  nimnTXBK 


NACA    ACR    NO.     L4H11 


FIG.     9 


I— I 

o 
o 


CQ 

+> 

/ 

43 

-1 

S 
^ 

i 

.H 
4-( 

/ 

4- 

/ 

/ 

0) 
0 

/ 

-1% 

0 

/ 

"           S- 

/ 

/         « 

bU 

1 

T\                          0 

' 

/ 

t^ 

4- 

c^ 

/ 

-1 

■o 

/ 

4 

' 

f> 

1 

0               CO 

1 

■p 

1 

H 

1 

OD 

/ 

2           in 

/ 

/ 

1 

/ 

^         lA'^'    e 

/ 

J 

ITN 

■w 

1 

5               < 

\/ 

1 

MD 

r-l 

/ 

0               0 

1 

1 

< 

s 

rH                    •< 

fo 

1 

J 

0 

/ 

P.                   fB 
1 

/ 

I 

2 

•H 

/ 

■P 

' 

/ 

"x 

1 

/ 

4-1 

1/ 

■P 

/ 

-, 

i 

/ 

i 

1 

y 

J2 

/ 

, 

/ 

(< 

/ 

/ 

/ 

5 

/ 

/ 

/ 

/ 

/ 

1 

r 

J 

1 

/ 

k 
' 

/ 

// 

/ 

G 

fe 

/ 

1 

14 

/ 

/A- 

1 

/ 

r  ' 

cy 

/ 

r-l 

J 

/ 

0 

/ 

c 

/ 

0 

/ 

/  i 

1 

^      — 

/ 

i 

1 

0 

/ 

/// 

/ 

E 

/ 

//7 

1 

/ 

/  / 

/ 

^ 

/ 

''   / 

r 

/ 

/ 

/ 

/ 

/ 

+y 

/ 

i 

/ 

/ 

( 

\ 

vO 

0 

rH 

X 

0 

J 

rH 

< 

0 

1 — 1 

CD 

Ed 

0 

Q 

^o 

1 — 1 

Z 

0 
0 

0 

J 

+3 
c 

(D 
.H 
0 

4tI 
Vl 
0 
0 

s.. 


C 


o 


n  o 

O   ID 
OcH 

43  O 

4-1 
+»  ti 
Ct  .H 


COO 

0)  r-( 

O     I 
.H      K\ 

l»H  UN 
in -XI 


< 

a 

n  fi 
■p 
c 

O  4h 
O 
+> 
O 


ii 


o 


o 

CO 


CM 
O 


O 

O 


o 
o 


o 
o 


o 
o 


lugjofjjsoo  5JTI  uSfesp  as  '^o  'luafOXJjaoo  3bJP  uof^toas 


NACA    ACR    NO.    L4H11 


FIG.     10 


«> 

c 


EH 


Eh 


IB    fn      •        M3_d-       ^^-d-        CViCO 
•a   O   C  C\J  <M        •-1-:^ 


o-t-     X  a      O 


< 
I — I 

Eh 
S 
Cd 
Q 
»— I 
Cr. 

o 
o 


«< 

o 
e 


10 

■o 

H 
O 

P. 

e 


-J 
< 
I — I 
E-i 

Ed 
Q 
I — I 

Cn. 

z 
o 
o 


o 

In 
« 

«-l 
O 

O 

tiO 

a 
a 

n 
a 

« 
o 


o 

I 

■p 


o 
o 

IS 

u 

9 


O 
CO 


O 

ID 


.1, 
'■V      '^JTI    oasz   JO   st^tiV 


O-n-n/^ 


T)p/'op      'adoTS   aAono-WTl 


UNIVERSITY  OF  FLORIDA 


3  1262  08103  273  1 


UNIVERSITY  OF  FLORIDA 
DOCUMENTS  DEPARTMENT 
120  MARSTON  SCIENCE  UBRARY 
RO.  BOX  117011 
GAINESVILLE.  FL  3261 1  -701 1  USA 


1 


